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Culmination of physics
from discovery of electron to Higgs
spanning 115 years
Milestone in Physics!
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Einstein’s Dream

* |s there an underlying simplicity behind vast
phenomena in Nature?

* Einstein dreamed to come up with a unified
description

 But he failed to unify electromagnetism and
gravity (GR)
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Wikipedia

Model building is a hobby and career that involves the creation of physical models
either from kits or from materials and components acquired by the builder. The kits
contain several pieces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects.
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Model buildinp IS @ hobby and career that involves the creation of physics models
either from kits or from materials and components acquired by the builder. The kits
contain several pieces that need to be assembled in order to make a final model.
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manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
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Caption Box



https://en.wikipedia.org/wiki/Physical_model
https://en.wikipedia.org/wiki/Scale_model

\

Lagrangian Wl kl ped |a

Hamiltonian

Model buildinp IS @ hobby and career that involves the creation of physics models
either from Kits or from materials and components acquired by the builder. The kits
contain several pieces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
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Model buildinp IS a hobby 'and career that invclv‘zém creation of physics models
either from Kits or from materials and components acquired by the builder. The kits

contain several pieces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects.
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Model buildinp IS a hobby 'and career that invclv‘zém creation of physics models
either from Kits or from materials and components proposed by the builder. The kits

contain several pieces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects.
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Model buildinp IS a hobby 'and career that involv‘zé;e creation of—physics models
either from kits or from materials and components proposed by the builder. The kits

contain several pieces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
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Model buildinp IS a hobby 'and career that involv‘zé;e creation of—physics models
either from kits or from materials and components proposed by the builder. The kits

contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of common scales that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects.
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Model buildinp IS a hobby 'and career that involv‘zé;e creation of—physics models
either from kits or from materials and components proposed by the builder. The kits

contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average person both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects.
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Hamiltonian particle content

Model buildinp IS a hobby 'and career that involv‘zé;e creation of—physics models
either from kits or from materials and components proposed by the builder. The kits

contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
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Hamiltonian particle content

Model buildinp IS a hobby 'and career that involv‘zé;e creation of—physics models
either from kits or from materials and components proposed by the builder. The kits

contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate

relationships between all of its aspects. ~our Universe
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Hamiltonian particle content

Model buildinp IS a hobby 'and career that involv‘zé;e creationof—physics models
either from kits or from materials and components proposed by the builder. The Kkits
contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
relationships between all of its aspects.

~our Universe

Model building is not exclusively a hobbyist pursuit. The complexity of assembling
representations of actual objects has become a career for several people, and is
heavily applicable in film making. There are, for instance, those who build models/
props to commemorate historic events, employed to construct models using past
events as a basis to predict future events of high commercial interest.
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Model building is not exclusively a hobbyist pursuit. The complexity of assembling
representations of actual objects has become a career for several people, and is
heavily applicable in academia. There are, for instance, those who build models/
props to commemorate historic events, employed to construct models using past
events as a basis to predict future events of high commercial interest.
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Model buildinp IS a hobby 'and career that involv‘zé;e creationof—physics models
either from kits or from materials and components proposed by the builder. The kits
contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
relationships between all of its aspects.

~our Universe

Model building is not exclusively a hobbyist pursuit. The complexity of assembling
representations of actual objects has become a career for several people, and is
heavily applicable in academia. There are, for instance, those who build models/
propsto  explain historic events, employed to construct models using past
events as a basis to predict future’events of high commercial interest.
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Model buildinp IS a hobby 'and career that involv‘zé;e creationof—physics models
either from kits or from materials and components proposed by the builder. The kits
contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
relationships between all of its aspects.

~our Universe

Model building is not exclusively a hobbyist pursuit. The complexity of assembling
representations of actual objects has become a career for several people, and is
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Model buildinp IS a hobby 'and career that involv‘zé;e creationof—physics models
either from kits or from materials and components proposed by the builder. The kits
contain several forces that need to be assembled in order to make a final model.
Most model-building categories have a range of previous models that make them
manageable for the average theorist both to complete and display. A model is
generally considered physical representations of an object and maintains accurate
relationships between all of its aspects.
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Model building is not exclusively a hobbyist pursuit. The complexity of assembling
representations of actual objects has become a career for several people, and is
heavily applicable in academia. There are, for instance, those who build models/
propsto  explain historic events, employed to construct models using past
events_as a basis to predict future’events of high intellectual interest.
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The model building kits can be classified according to skill levels that
represent the degree of difficulty for the hobbyist. These include skill level 1
with snap-together pieces that do not require glue or paint; skill level 2,
which requires glue and paint; and, skill level 3 kits that include smaller and
more detailed parts. Advanced skKill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.
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The model building kits can be classified according to skill levels that

represent the degree of difficulty for the hobbyist. These include skill level 1
with free particles that do not require glue or paint; skill level 2,
which requires glue and paint; and, skill level 3 kits that include smaller and
more detailed parts. Advanced skKill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.
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The model building kits can be classified according to skill levels that

represent the degree of difficulty for the hobbyist. These include skill level 1
with free particles that do not require interactions ; skill level 2,
which requires glue and paint; and, skill level 3 kits that include smaller and
more detailed parts. Advanced skKill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.
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The model building kits can be classified according to skill levels that

represent the degree of difficulty for the hobbyist. These include skill level 1
with free particles that do not require interactions ; skill level 2,
which require weak interactions ; and, skill level 3 kits that include smaller and
more detailed parts. Advanced skKill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.
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The model building kits can be classified according to skill levels that

represent the degree of difficulty for the hobbyist. These include skill level 1
with free particles that do not require interactions ; skill level 2,
which require weak interactions ; and, skill level 3 kits that include smaller and
confined particles . Advanced skill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.

Caption Box




\

Requires sKills

Lagrangian

|

v
The model building kits can be classified according to skill levels that

represent the degree of difficulty for the hobbyist. These include skill level 1
with free particles that do not require interactions ; skill level 2,
which require weak interactions ; and, skill level 3 kits that include smaller and
confined particles . Advanced skill levels 4 and 5 kits ship with components
that have extra-fine details. Particularly, level 5 requires expert-level skKills.
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Our aim

* \Write down the Lagrangian that describes the entire Universe

* At some point we may have to go beyond Lagrangian such as in string
theory in guantum spacetime

* should include all success of the SM
* new particles, new interactions

* no contradictions with data: collider limits, FCNC, lepton and baryon
violation, Neff, dark matter abundance, baryon asymmetry, spectral
index, tensor fluctuations, dark energy equation of state, ...
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What drives us

 Naturalness
e Supersymmetry
 Warped Extra Dimension
* Neutral Naturalness
 Cosmological Selection
o Strong CP and Axions

e Swampland
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Naturalness works!

 Why is the Universe big?
* Inflation

* horizon problem

* flatness problem

* large entropy
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What drives us

Dark Matter

* Interaction Mechanisms
 Models

Baryogenesis

Flavor Model

Inflation

Caption Box



102 10% 106 108 Qo |Q!2 |Q'4 |Q'6 Q'8
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Power of Expedition

— > - > quark flavor
> -> EDM

—— |HC
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Power of Expedition

——>---> |epton flavor
— > - > quark flavor
—_-> EDM

—— |HC
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experimental reach [GeV]
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Power of Expedition
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——>---> |epton flavor
— > - > quark flavor
—_-> EDM
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Power of Expedition
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Power of Expedition
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Power of Expedition
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Our role

* Address Big Problems in our field

 Make use of all available wisdom/expertise

e exploit all available experimenta/observational data

* build a hypothesis (“attractive” in whatever
definition)

* Make sure to derive testable prediction of the
models
* In particular, signatures not considered before

* put often fall into ideological debates
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Guidelines

“Ihe mathematical sciences
particularly exhibit order,
symmetry, and limitation; and
these are the greatest forms of
the beautiful.”

RS o S
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3
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Aristotle
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Guidelines

“I have deep faith that the principle
of the universe will be beautiful and
simple.”

N \\
Albert Einstein
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Nature has a great
simplicity and

therefore a great
pDeauty.

Hichard P. Feynman

meetville.com

Ric':‘h'ard Feynman
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Guidelines

“Symmetry, as wide or as narrow
as you may define it, is one idea
by which man through the ages
has tried to comprehend and
create order, beauty, and
perfection.”

Hermann Weyl
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Guidelines

and woman

“Symmetry, as wide or as narrow
as you may define it, is one idea
by which man through the ages
has tried to comprehend and
create order, beauty, and
perfection.”

Hermann Weyl
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Guidelines

“Science is beautiful when it
makes simple explanations of
phenomena or connections
between different observations.
Examples include the double helix
In biology and the fundamental
equations of physics.”

s

Ste hén Hawkin

http://www.brucebergerrecords.com/category/stephen-hawkin
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Guidelines

What Is especially striking
and remarkable Is that In
lundamental physics a
peautiiul or elegant theory

'S more likely to be right
than a theory that IS
inelegant

meetville.com

o '
.".‘m S Z 3 ‘A
Murray Gell-Mann

http://www.nobelprize.org/nobel prizes/physics/laureates/1969/gell-mann-bio.html
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Guidelines

“For every complex
natural phenomenon there
IS @ sSimple, elegant,
compelling, wrong
explanation.”

Thomas Gold
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“This is often the way it is in physics -
our mistake Is not that we take our
theories too seriously, but that we do
not take them seriously enough. It is
always hard to realize that these
numbers and equations we play with
at our desks have something to do
with the real world. Even worse, there
often seems to be a general
agreement that certain phenomena are
just not fit subjects for respectable
theoretical and experimental effort.”
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S

Wwhat we thrive

* Rely on most updated data and make forecasts for

* energy frontier, neutrino frontier, cosmic frontier, rare processes and
precision frontier

e use advancements in our understanding of QFT, EFT, experimental tools

* theory frontier, computational frontier, instrumentation frontier, accelerator
frontier, underground facilities and infrastructure frontier

* Include everybody interested

 community engagement
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What shall we do?

PR Energy
O

A
“ ~$10M R&D for ILC-

related technologies
in Japan likely for the
next fiscal year

Coupling




baryogengesis + DM

dark sector SM
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Dark baryon: ~1.5 GeV (or ~60 GeV)
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direct detection limits
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Higgs portal

Z Ly = — ; (
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Higgs portal
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Higgs portal
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Higgs portal
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Higgs portal
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Unified description of SIDM

e—mqbr
V = —«
® Hans Bethe: effective am/mg r
"angelth eory 0° 10 10° 10°
kcoto = | 2Tek2 + O (k)00 ‘ | W | W ]
® only two parameters to - :
describe scattering at low  10° \ I . %
velocities " e 7 o | .' \ .' \‘ ~!:‘5 Ny :
e fully unitary and non- § 10" L | | "'i”'
perturbative .. ‘ LT
® ideal for simulations and ;- | | 5
phenomenology! vie= 0007 | I
® resonance, bound states, 10-3 L IR I
virtual states 107 1075 107 10°

k/m¢
Xiaoyong Chu, Camilo Garcia-Cely, HM, Caption Box
arXiv:1908.06067, JCAP 06 (2020) 043
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S=0 S=0 5==1

nzﬂ%kﬂ/

1000 -

900 -
800 -
700 -
600
500 -
400 -
300
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| vectors
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I=0 I=1 I=1/2
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Gell-Mann—-Okubo relation
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100 ~

0

I=0 I=1 I=1/2
S=0 S=0 5==1
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600 - n 600 -
500 - S 500 -
400 - 400 -~
300 - 300 -
200 - 200 -

I=0 I=1 I=1/2
S=0 S=0 5==1

Gell-Mann—-Okubo relation

K: 4 x 0.4962 = 0.984 GeV-?
To, N: 0.1402 + 3 x 0.5502 = 0.927 GeV?
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Figure 5: Figure taken from [93]. Panels (a), (b) show the 777~ and wn invariant mass projections of data from the BES
analysis of J/¥ — wntn~. Panels (c) and (d) show the J¥C = 0™ and 2™ projections, respectively. The shaded area in
(¢) corresponds to the o contribution. The contribution of the fy(980) can be seen as a small peak on top of the shaded
area right below 1 GeV. Compare the height of the peak and the asymmetric shape of the o in (¢) to the height and shape

of the f>(1275) resonance in (d). Reprinted from Phys. Lett. B 598, 149, 2004, M. Ablikim et al. [BES Collaboration],
“The sigma pole in J/y — wn*n~,”. Copyright 2004, with permission from Elsevier.
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covers pretty much the entire range for leptogenesis!
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